were available for examination. Because respiration can occur through both the lungs and the skin of frogs, there may have been a cutaneous route of infection in these frogs; however, hematogenous spread to muscle tissue via inhalation or ingestion of conidia cannot be excluded. As is often seen in other species, inflammatory reaction to the organisms in the frogs was nonexistent and consisted only of fibrosis surrounding the organisms.
In recent years, the awareness of cryptosporidiosis as a potential zoonotic infection has emerged as a significant public health concern. Cryptosporidium, a coccidian parasite of humans and animals, was first believed to be an opportunistic organism but now is recognized as a primary pathogen. Clinical signs range from inapparent infection to mild transient diarrhea, cholera-like illness, or prolonged severe life-threatening malabsorption syndrome. 1, 2 Because strains of Cryptosporidium are cross-transmissible, several studies have implicated animals as a source of human infection. 8, 11 Cryptosporidium is transmissible from calves to humans via the fecal-oral route in contaminated food, milk, water, or fomites. 3, 10 In studies conducted in Maryland, Idaho, Ohio, California, Washington, and Florida, prevalence rates in the calf population were 5.6-81%. 3, 9, 11 A USDA: APHIS : VS study estimated the parasite is present on 60-90% of dairy farms, and 22% of preweaned dairy calves and as many as 50% of dairy calves in the 1-3-week age group are shedding Cryptosporidium. 4, 13 Few studies have been conducted in other species, but clinical and asymptomatic infections have been reported with increased frequency in companion animals, wild animals, farm animals, poultry, reptiles, rodents, nonhuman primates, fish, and exotic animals. 1, 10, 11 In developed countries, Cryptosporidium was found in 0.6%-7.3% of stools from human patients with diarrhea. The prevalence was 0.1% in asymptomatic controls. 6 Infection exceeds 30% in some poorly developed countries. 2 A 1987 national parasitology survey in the USA analyzed results of 216,275 stool specimens examined by state diagnostic laboratories. Cryptosporidium was found in 499 (0.2%) specimens from 25 states. South Carolina was listed as 1 of the 9 states that routinely included specific testing for Cryptosporidium. 7 In 12-month prospective study at the Medical University of South Carolina, Cryptosporidium was the most common parasite identified in stool specimens examined during 1984, with an overall incidence of 4.3%. 5 In view of the high rate of occurrence of Cryptosporidium in calves and the ease of transmission among species, a high prevalence of cryptosporidiosis would be expected among people who work with calves. 10 People with compromised immune systems, travelers abroad, young children in daycare centers, veterinarians, and animal caretakers are pop-ulations particularly at risk. 6 Recognition of infection in farm and companion animals is important for educating high-risk people of the Zoonotic and public health significance of cryptosporidiosis. 1, 2 Here, we review Cryptosporidium surveys performed at the Clemson Animal Diagnostic Laboratory and provide an epidemiologic description of factors associated with animal and human cryptosporidiosis.
Fecal specimens were examined from 3 sources in South Carolina. First, 10 veterinarians submitted fecal samples for Cryptosporidium detection from various animal species presented to their clinics. The veterinarians were evenly distributed across the state to provide a geographically representative sample. Second, 3 dairy extension personnel submitted fecal samples from < 2-month-old dairy calves with or without scours. The third source of fecal samples was necropsies or parasitology submissions examined at the Clemson Animal Diagnostic Laboratory. A log initiated on August 27, 1992, was used to track information and results of Cryptosporidium tests performed on fecal specimens through May 3, 1994. Seasonal distribution of 1993 tests and cases was compared with distribution seen in previous years using the Chi-square test for statistically significant differences.
A patented fecal parasite concentrator a was used at the Clemson Animal Diagnostic Laboratory for the concentration and recovery of coccidian occysts. The methodology was a modification of the Ritchie formalin-ether method. A closed system was used to minimize handling and the chance for contamination or exposure. Fecal specimens were placed in screw-capped vials containing 9 ml of 10% neutral buffered formalin and mixed thoroughly. Fresh stool specimens were allowed to fix for 30 minutes. Three drops of a surfactant b was added to the mixed specimens to break up fecal clumps and increase the settling of oocysts. Three milliliters of ethyl acetate were added to dissolve fat and to reduce the bulk of the stool. The specimen was then shaken vigorously for 30 seconds and filtered through a strainer that allows coccidian oocysts to pass but retains coarse particulate matter. Each fluid specimen was centrifuged at 560 r(RPM/1,000) 2 for 10 minutes. After centrifugation, the supernatant was discarded and the sediment was transferred to glass slides for staining. A modified Ziehl-Neelsen acid-fast stain containing carbol fuchsin, acid-alcohol, decolorizer, and counterstain was used to confirm the diagnosis of cryptosporidiosis. Cryptosporidium oocysts, 4-6 µm in diameter, appear as densely stained red spherical bodies with the acid-fast stain.
A telephone survey was conducted to determine if an association exists between cryptosporidiosis in animals and in people who work with animals. Owners of calves and goats diagnosed with Cryptosporidium infection were identified and included in the survey. The owner, spouse, or other household member knowledgeable in animal husbandry was interviewed. Persons contacted were asked 3 questions: 1) Had you heard of cryptosporidiosis prior to this interview? 2) Have you or any of your family or your farm employees been diagnosed with cryptosporidiosis? 3) Have you or any of your family or your farm employees had a watery diarrhea lasting more than 3 days, occurring around the time cryptosporidiosis was diagnosed in your livestock?
From a total of 375 fecal samples examined, Cryptospor- idium oocysts were identified in 48 (12.8%) of the samples tested. Veterinarians submitted samples from 7 species, but positive samples were only found from cattle. Of 65 samples collected by extension personnel from 14 dairy farms, Cryptosporidium was found on 7 (50%) of the farms.
The distribution of total samples tested in various animals is shown in Table 1 . In these samples, cryptosporidiosis was highest in cattle (18.22%) and goats (26.32%). The percentage in goats represents a cluster of 3 positive kids submitted from the same farm. No Cryptosporidium infections were diagnosed in other species. Among the 39 bovine samples testing positive for Cryptosporidium, 35 (89.74%) were dairy calves. The mean age of the dairy calves at the time of diagnosis was 29.36 days. Of 23 cases of cryptosporidiosis in calves submitted to the diagnostic laboratory for necropsy, 16 (69.56%) had coinfections with other enteric pathogens. The crude odds ratio for testing positive for Cryptosporidium was 3.75 (95% confidence interval = 1.65-6.53) times higher in calves than other species.
The geographic distribution of animals positive for Cryptosporidium was widespread, 28 (62.2%) of the 45 counties. Figure 1 shows the yearly distribution of Cryptosporidium tests and results for specimens submitted to the laboratory in 1993. The only complete year surveyed was 1993. Samples from the veterinarians and extension personnel were excluded from yearly distribution comparisons because samples were submitted in batched lots without collection dates on individual samples.
Of 38 farms identified with Cryptosporidium-infected calves and goats, 26 (83.87%) of the 31 owners with listed telephone numbers were interviewed. Results of the survey are shown in Table 2 . No medically confirmed diagnosis of cryptosporidiosis was reported by any farmer, household member, or farm employee.
The Department of Health and Environmental Control (DHEC), South Carolina's public health department, provided summary data on human fecal specimens submitted for parasitology exam. Data were reported on a fiscal year (FY) basis, begining July 1 and ending June 30. The total number of specimens tested and the total number positive for cryptosporidiosis were reported from FY 1990 to FY 1994. The prevalence of human cryptosporidiosis ranged from 0.14% to 0.47%. The mean prevalence rate during FY 1990 through FY 1994 was 0.35%. Fecal samples were submitted to the DHEC laboratory from county public health departments, private practitioners, and hospitals. Cryptos- Results from this study reflect the occurrence of Cryptosporidium infection in specimens submitted to a veterinary diagnostic laboratory and to a state public health department. Samples from practicing veterinarians and extension personnel increased the total number of specimens examined and allowed determination of the extent of cryptosporidiosis in companion animals and dairy calves. However, sample sizes in pets and exotic animals were too small to determine prevalence of Cryptosporidium infection with any degree of confidence.
Results from this study were consistent with those of other studies. Cryptosporidium was found most frequently in dairy calves < 1 month of age, on a high percentage of dairy farms, and with a high rate of coinfection. The prevalence of Cryptosporidium may have been underestimated in these samples because the newest and most sensitive fecal test, the monoclonal antibody test, 3, 4 was not used. Also, samples were collected only once. In 1 study, point prevalence provided a poor estimate of the true cryptosporidiosis on a farm: period prevalence approached 100%, and point prevalence estimates were low. 9 The Chi-square test was used to determine whether the seasonal distribution of animal Cryptosporidium tests and cases in 1993 was similar to the seasonal distribution of tests and cases in previous years. More cases of cryptosporidiosis occurred in the fall. This finding was consistent with human reports of seasonality peaks occurring in North America during late summer and early fall. 12 However, studies in calves found higher prevalence rates in the winter and summer months. 3, 4 Since 1987, DHEC has routinely examined human stool specimens for Cryptosporidium. Their data suggest low prevalence rates. However, these rates probably are low because many cases go undetected. Subclinical infections are common, 10 and some physicians are not aware that Cryptosporidium can cause persistent watery diarrhea. Symptoms often resemble a viral syndrome. 2, 11 Preliminary surveys for serum antibodies against Cryptosporidium in humans indicate that a high percentage of the population has been exposed to the organism. 10 The zoonotic transmission of Cryptosporidium to individuals who care for calves has been well documented. 3, 8 However, in the telephone survey, no farmers, household members, or farm employees reported a definitive diagnosis of cryptosporidiosis. Only 2 individuals reported symptoms suggestive of cryptosporidiosis.
Samples examined at the diagnostic laboratory are biased because only specimens from clinically ill animals are submitted and asymptomatic infections may go undetected. Therefore, the diagnostic laboratory may not be the best setting to determine prevalence rates. A study, designed to screen a large number of exotic pet species and companion animals, is needed to determine the prevalence and distribution of Cryptosporidium in species that may serve as important zoonotic reservoirs. Now that cryptosporidiosis is a reportable human disease, epidemiologic studies on human cases could increase the knowledge of zoonotic implications of this disease.
A 3-month-old Holstein heifer with a history of chronic respiratory disease was donated to the teaching hospital at the Atlantic Veterinary College. The calf weighed 98 kg and was in poor body condition. The heifer was in severe respiratory distress, and clinical findings were consistent with pneumonia. A grade II-IV/VI holosystolic heart murmur, with point of maximal intensity on the right heart base, was also detected. Because the calf failed to show any clinical improvement following treatment with antibiotics, corticosteroids, and bronchodilators, it was euthanized with intravenous pentobarbital and submitted for necropsy examination.
Necropsy findings included a severe chronic suppurative bronchopneumonia with bronchiectasis. This pneumonic process obliterated 60% of the right lung and 10% of the left lung. The caudodorsal right lung field was rubbery, with mild interlobular emphysema. The heart was of normal shape but appeared slightly enlarged. The total heart weight was calculated to be 0.76% of body weight (normal range, 0.30-0.66%). 9 A tortuous, thin-walled left circumflex coronary artery was noted on the epicardium of the heart base. This vessel extended posteriorly to the interventricular septum, maintaining an internal diameter of 9 mm. The dilated vessel then descended 4 cm along the epicardial surface of the septum before abruptly entering the myocardium (Fig. 1) . The artery then traversed a sinuous path through the interventricular septum, eventually communicating with a multilocular cavitation in the right ventricular aspect of the septum (Fig. 2) . Marked dilation of the left main coronary artery and 1 of the proximal branches of the left anterior descending coronary artery was also identified. This latter branch extended into the interventricular septum, communicating with the cavitation noted previously. 
